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INTKODUCl'ION 


The primary objective of this project is to determine optimum techniques 
for training and consulting with potential users of landsat digital technology. 
TJie four specific goals stated in the project proposal have been addressed dur- 
ing the first six months of operation. Activities directed toward these goals 
are discussed individually in this report and documented results are included 
as Appendices. 


BEVEIjOPING- cubeicula 


Remote sening curricula are being developed to assist in the training of 
potential users of landsat Data. Training modules are being prepared which 
may bo used by an individual in a self-paced learning environment, or given 
to a group in a classroom. Those will include a text eind an accompanying set 
of 35mm slides. 

The first module addressing the use of computer systems to process Land- 
sat data is 85 ^ completed. It is composed of a lecture presentation covering 
statistical methods for clustering and for maximum likelihood classification 
and a laboratory exercise using a mini-computer system (Appendix I). 

A second module describing techniques for evaluating the accuracy of Land- 
sat classifications using cluster seimpling and aerial photography is com- 
pleted, Several formative discussions have taken place with Don Card(NASA 
Ames) to define this module. An evaluation of a Landsat classification has 
been completed. The instructional text needs to be written and integrated in- 
to the example evaluation. 

Sampling theory for natural resources inventory is being assembled into 
another module and is now 10^ complete. Discussions with Don Card(NASA Ames) 
liave revealed significartt instructional barriers which must be addressed be- 
fore completion. For exEunple, how to teach sufficient statistical theory to 
enable students to understand complex multi-stage sampling schemes and not 
over\i;helra them with information? We will continue to address these difficul- 
ties and to develop this module with Don Card's guidance. 
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lANDSAT DEHONSTPATION PROJECT 


A final vereion of the technical plan and detailed task plan have been 
completed after review and discussion with the US Forest Service and NASA 
(Appendix 2). The task plan indicates goals completed us well as target dates 
for the future. The work is on schedule. The 1978 landsat data has now been 
registered to USGS base maps to within 1.2 pixels (rras error). One hundred 
and forty training areas and the Ranger District boundaries have been digiti- 
zed, Work is now underway to define a final statistics file for the 1978 
data on 9 Comportments of the Ranger District, 

Much of the digital analysis has been accomplished at the District Office 
in McCloud, California using a portable terminal to connect to computer systems 
at Ames. This "on-site" training has been key to the technology transfer 
process. Alice Forbes (Forest Technician assigned to the project) has been 
involved in evei^y stage of digital analysis. 


DEVELOPING lECHNICAL SCHEDULES AND CONSUI/TING TECHNIQUES 


The task plan for the Landsat Demonstration Project v/ith the UB, Forest 
Service (Appendix 2, p, 10) represents a synthesis of our experiences and frus- 
trations encountered in keeping to a work schedule. The plan represents our 
estimate of a realistic schedule and set of goals for a one-year Landsat; Dem- 
onstration Project. A brief final report will be prepared on scheduling,, in- 
corporating our experience as we complete our current demonstration. 

T\7o information needs have been identified for consulting with potential 
users of Landsat digital data. The cost of using Landsat is always a concern 
to people unfamiliar with the system. To assist us in answering this question 
we have prepared a comprehensive cost summary of the US Fish and Wildlife Ser- 
vice landsat Demonstration Project (completed under a previous grant, NSG-22^) . 
Total cost of this detailed project was 21 cents per acre (Appendix 3)« 

The accuracy of a Landsat classification must also be determined to al- 
low potential users to evaluate the effectiveness of Landsat -based inventories. 
Aerial photography was used, within a cluster sampling scheme, to evaluate the 
accuracy of the US Fish and Wildlife Service Landsat classification of vegeta- 
tion cover, con^leted under NSG-2244. The classification was found to be 91/^ 
accurate (Appendix 4) . These and other informational needs and consulting 
tecluiiques v;ill be incorporated into a final statement of our consulting 
philosophy. 

Results of the cost analysis and accuracy evaluation will be documented 
in a paper accepted for publication in the proceedings of a sysmposium at 
the University of Idalio, "Remote Sensing of Natural Resources," September 
10-1 4, 1979. The paper is titled ;"Watershed Condition Mapping of the Hoopa 
Indian Reservation Utilizing Landsat Digital Data." 
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We Imvo boguii working with Professor Joseph Lee per, Geography, Humboldt 
State University, to train him for his opbaticnl leave with NASA Ames Research 
Center. Professor Leeper plans to complete a Landsat classification at Hum- 
boldt using the phone lino connection to the computer systems at Ames. A 
Landsat data window has boon defined and training areas are being selected for 
a landsat clasjification of small urban areas. The direct experience gained 
working with Professor Leeper will assist us in understanding the needs of 
potential users of Lendsat in several disciplines. 


SUPPORT THE STATE-WIDE LANDSAT POHESTRY RESOURCE 
ASSESSMENT IN NORTHERN CAUJORNIA 


■A portion of a one-week California Department of Forestry training Course 
was developed, documented, and presented by personnel from this grant. The 
Course was given by NASA Ames, at Moffett Field, October 2-6, 1978. We pre- 
sented siniiliar materials at a US Forest Service Training Workshop held at 
Ames from January 29 - February 2, 1979 • Working closely with NASA training 
contractors and government personnel, we were able to integrate lecture material 
and a lab exorcise on computer analysis into comprehensive workshops cover- 
ing many aspects of remote sensing applications. Several examples of the ma- 
terials used in these courses are included in Appendix 1. 

In order for us to more effectively address the inventory needs in Nor- 
thern California, we have begun to establish Landsat computer analysis capa- 
bility at Humboldt State. An initial assessment of the computer processing 
environment at Humboldt indicates that the transfer of NASA software to Hum- 
boldt's mini-computor system is the most feasible alternative at this point. 

V/e will continue to work closely with NASA Ames Research Center to achieve 
this goal. 
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lANDSAT DIGITAL ANALYSIS MODULF 


Summary of Content i ,1 

Outline of Subject Matter 1.2 

Detailed Lecture Outline 1.3 - 6 

Illustrations 

Londsat Histograms 1.7 

Tv/o Channel Map 1.8 

Spectral Locations 1.9 

Lecture Outline on Computer Systems 1.10 - 11 

laboratory Exercise Outline 1.12 ~ 17 






DIGITAL ANALYSIS TRAINING MODULE 


SUMMARY 


LECTURE 2 hrs. 

• Spectral apace (histogramB, two channel plots) 

• Information vs, spectral classes 

• Supervised classification 

^ Unsupervised classification 

• Guided clustering 

• Computer systems 

COMPUTER EXERCISE 5 hrs. 

• ID resource information classes 

• Select training areas 

• Clip data windows from Landsat scene 

• Create histograms, determine No, of clusters 

• Cluster on each training window 

• Create statistics files 

• Merge and pool statistics files 

• Create final statistics 

• Classify - maximum likelihood 

• Evaluate classification using U-2 photos 

• Refine classification 

WORK BOOK 

• Lecture narrative with slide diagrams and imagery 

• Exercise instructions and workflow diagrams 

• Complete command structure for interactive computer systems 

PURPOSE 

• Understand the philosophy of computer assisted analysis 

• Build familiarity with computer systems 

• Prepare a user to process multispectral data on their own 


Proposed Outline of 
Digital Analysis Modulo 


I. Lecture Presentation 

This section to include a narrative and slide illustrations. The 
presentation could bo given in a self-paced learning situation. 

This presentation v;ill be segmented into blocks of knowledge repre- 
sented by stops A-B below. Each of those segments will be presented 
as a learning station at Donna's International Training Course in 
August. As per Dale's suggestion, wo ore planning a round robin 
workshop at Donna's course with several stations. Explanations, hand- 
outs, and graphic displays to be at each station. 

A. Philosophical Approach of Computer Processing 

1. Spectral Space 

a. One dimension - the histogram 

b. Two dimensions - the "two channel map" 

c. N-Dimensions - hyperspaco 

2. Contrast to physical or image space, the philosophy of photo 
interprotatioh. 

B. Information classes vs. spectral classes . 

C. Supervised classification - maximum likelihood 

D. Uneupervised classification - clustering 

E. Guided clustering 

II. laboratory Exercise 

This section to include a written summary of instructions given part- 
icipants in the exercise. Slide illustrations will accompany the 
material. The section to also include a written summary of the act- 
ivities students take part in during an actual ].ab exercise. The 
EDITOR Software Package is used as an example of em interactive com- 
puter system. 

A. Introduction to interactive computer systems, 

B. Instructions for completing the exercise. 

C. Summary of exercise activities. 

1. Identify resource information classes 

2. Select training areas 

. 3. Cluster resource classes 

4. Create statistics files 

5. Pool and merge to final statistics 

6 . Classify 

7« Evaluate sind refine classification 
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Ob.jectivoB 

After this presentation you should understand; 

1* Philosophical differences, computer vs. image interpretation. 

2. The concept of spectral space. 

3. Difference between* Information Class and Spectral Class. 
k. Supervised classification, 

5. Unsuperviaed classification. 

6, Guided cluetering. 

Content Summary 

Digital analysis is explained using three building blocks of understanding; 
spectral space, information classes and spectral classes. Spectral space 
is the mathematical space defined by Londsat spectral counts in several 
bands. Pixels representing a given type of land cover will tend to cluster 
in certain regions of spectral space. 

The information class is on important concept as it defines a group of pixels 
representing one category which is meaningful to the people classifying 
the data. The information classes may be general (e.g. Forest Land) or 
quite specific (e.g., Deciduous Fore^c) 

Spectral classes define pixels v/hich have a similar spectral signature. 

They should represent one information class yet each information class may 
contain several spectral classes. 

A comparative discussion of supervised and unsupervised classification 
fallows with all statistical concepts explained graphically. Using the 
supervised approach, one seeks to define training areas for each information 
class desired. Statistics derived from training areas are used to drive a 
maximum liklihood classification. 

The unsupervised technique is used to define a specified number of spectral 
classes throughout an entire region. Meaningful labels are later attached 
to these spectral classes. 

Guided clustering allows the analyst to cluster within a training area. 

The ppocesB attempts to solve the problem of unwanted spectral variation 
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In tho fluporvisod strategy and unknown names of information catogorios in 
the unsupervisod strategy. 

Understanding Assumed 


1. landsat pixels compared to aerial photographs. 

2. Image resolution, interrelation with spectral signature. 

3. landsat digital numbers or spectral counts. 

4. Spectral signatures. 

Outline of Content 


I . Introduction 

Computer processing philosophy compared to air-photo interpretation. 


II . Spectral Space 

A,. Description and comparison to photo products. 

M One dimension, the "histogram." 

a) Means 

b) Variances 

2. Two dimensions, tho "two channel plot." 

a) Means 

b) Variances 

c) Covariances 

5. Many dimensions, compare to reflectance curve. 


III. Information Classes vs. Spectral Classes 

A. Ideal Conditions 

1, Every information class represented by one spectral class. 

2. Eveiry information class represented by more than one spectral 
c3a.se, 

B. Unacceptable Conditions 

1. Information cla!.iBeB not represented by Einy spectral class. 

2. Spectral classes representing more than one information class, 

IV. Computer Classification 

A, General problem - Subdivide spectral space such that: 

1. All spectral classes are separable. 

2. All spectral classes represent one information class. 
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B, General Procedure 

1. Define each spectral class (for every channel) byJ 

a) Moan reflectance value. 

b) Variance (Std. dev.^) 

c) Covariance matrix - shows attitude of class. 

2. Use the classes defined (called statistics) to classify the 
Londsat scone by: 

a) Maximum liklihood. 

b) Many other decision rules. 


V. Supervised Classification 
A i Approach 

1. Select training areas - define information classes. 

2. Create statistics files. 

3. Maximum liklihood classification. 

a) Relate to histogram. 

b) Spectral confusion problems. 

4. Evaluate results. 

5. Iterate if accuracy is poor. 

B. When used: resource information classes roprosonted by one spectral 
class. 

C. Problems; 

1. Total spectral variation of information classes is unknown. 

2. Several spectral classes may occur within one information class 
or training area. No way of knowing this. 

3. General concept subdivides spectral space into information classes 
not spectral classes. 


IV. Unsupervised Classification or Clustering 

A . Approached 

1. Select number of spectral classes desired. 

2. Use clustering routine to establish spectral classes, a final 
stat file. 

3. Determine the information class associated with each spectral 
class defined. 

B. When used: resource information classes represented by several 

spectral c lasses. 

C. Problems 

1. Limits on tJie number of pixels clustered at one time. 

2, Pixels containing two or more information classes are sampled 
which may distort statistics. 
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3* Liniitod control of wliat claosoo oro created. 

4. Concept rooulto in a otat file based on spectral information 
only, No concern for what the analyst may want out of the 
data. 


VlX , Guided Clustering 
A, Approach 

1. Select training areas - Konerally define information classes, 

2. Create histograms of each training area for every channel. 

3. Determine the number of spectral classes present in the infor- 
mation class by clustering. 

4. Repeat steps 1-3 for every general information class. 

5> Combine all cldsscs. 

6. Pool similar claseos or delete classes as necessary to create 
stat file. 

7. Maximum liklihood classification. 

8. Advantages 

1. Control over the clustering process as a limited number of 
spectral classes are requested within a training area. 

2. Pixels containing many information classes are relegated to 
a separate class which can be deleted. 

3. Clustering finds spectral variation within information classes. 

4. Possible to concentrate on separating information classes which 
are similar spectrally. 

C. Problems 

1 . Spectral classes not occuring in training fields are not con- 
sidered, causing miosclnssification. 

2. Difficult to establish training areas containing enough pixels 
(several spectral claosos per training area). 
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INTERA(7riV£ COMPUTE) SYSTEMS 
FOR 

DIGITAL ANALYSIS 


Lecture 
by L. Fox 


)rig»nai: 

)F porn 'DUALITY 


Ob.lectivee 

After this preecntation you should understand: 

1. Riilosophy of interactive processing. 
2m Basic componoto of systens design. 

3. The Bulti-level program concept. 

Content Smanary 


An introduction to interactive, multi-level computer processing will be given. 
Interactive processing allows the user to communicate with the computer dur- 
ing the processing sequence. The concluding analysis steps can be altered 
as the results of early processing bosome known. This flexibility is not 
a characteristic of batch processing. 

The basic components of an interactive mini-computer system designed to pro- 
cess Londsat data include: o central processor, control terminal and a 

color television display. The processor performs the logic functions as 
per instructions given through the control terminal. The color display allows 
one to sec how tne classification will look when color coded and mal:e changes 
as necessary. 

1* nilti-level concept is lundamental to most computer E;T<tems processing 
lAndsat data. The computer programs are arranged in a hierarchical fashion 
to ,allow for a logical flow of work within the system. 

Undcrotnndinr. Assumed 

No specific computer luiowledge required. 

Outline of Content 


I. Introduction - Philospoply of interactive computers. 

A, Batch processing. 

B. Interactive processing. 
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II. System Components 

A. Control terminal. 

B. Color CRT/Output terminal. 

1. Enhance data. 

2. Color code the classification. 

C. Central processor. 

D. Memory. 

III. Work Flow 

A. Among system components. 

B. Within a multi-level framework. 
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OUTLINE OP COI^PUTER LABOHATOEZ SESSION 


Processing Sequence - landsat Digital Analysis by Ken Mayer 
EDITOR Software - Guided Clustering (supervised) 


1. Identify resource categories - Delineate on photo's, maps (?}^ min.) and 
line printer maps. 

2. Select training areas on line printer map and record row and column co~ 
ordinates. Each person choose one resource category and select 3 - ^ 
training windows. Each training window must be at least 25 pixels, 

3. Clip windows, 

4. Create histograms for the training windows and determine the number 
of clusters, 

5. Cluster each training window, 

6. Create statistics files. 

7. Pool and merge statistics files, 

8. Create final statistics. 

g. Classify. 

10. Print-out classification. 

11. Use photo's and field experience to verify the classification. 

12. If necessary, re-train to clean up classification. 
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3 ) Clip a Window: I SUB 

Input Window Files WIN .'WOODS IDE 
(Old Version) 
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•II II II II II 

• (same for each window of that resource type) 
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2 i c^UIT -(repeat steps for each resource tyne) 

'♦) Print a Window: 1 PR I NT 

Which output Device? T « (ter-minal) 

Input window file= TIffi RESOURCE WINDOW YOU CLIPPED 
See the list of window V = (yec) 

Which window displayed T-1 = all) ^ 

Wliich channel (1 thru ^ (anu the next run 4) 

Global or local Histopram G 

Display HietOKram (Y.N or only) ONLY 


5) Cluster a Window: ! HAW 

2 1 CLUSTER 
MMODIFY 

Disk File Name = ENTER YOU TRAINING WINDOW NAME 
Ni NUMBER OF CATBQOMES 
Humber of Clusters r WHATEVER YOU CHOOSE 
LI DELTA OR SEPARABIUTY ^tteESHOfg 
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STEP 

5) con’t EI.TER ONE LSSfi Tm YOU ASKiP FOR ABOVE 

W»at percent convergence? (O.OC - 100,0) 

Enter maxiraua number of itmratlons to be performed 
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T) Pool ana Merge Stats: 


I BAW 

PI STAT file editing 

Input Stat file. ENTER YOUB 1ST STATE FILE 
A ^irfRITL 

Low cat, High cat = 1 space? WHATEVER NUMBER OP CLUSTERS 
YOU HAVE 
o CPEI. 

Input Stot file* ET.’TER YOU r.'EXT STAT FILE 
a vrite 
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< ge:;erate 

Output Stat file. GIVE TH^E TWO WINDOWS A NEW NAME 
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••• Hep'cat until you have written ai.d pooled all of the 
categoriet.) 

Output Stat file i.AML THE FILE 
(repeat for the next Stat file) 


< OFEt: 

Input Stat file * POT THE NAME OF THE FILL YOU. JUST CREATED 
|<WRiTE 

(Continue on in this rntroier) 

#yJIT (You have just created a final statistics file.) 
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Objectives ........ 

Introduction ...... 

Study Aran 

Cooperators 

Operational Program 
Proposed Schedule . 
Output Products . . . 
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OBJECTIVES 








1, Dolinoatp landeat foroot cover categories for all forested land, 

Tlioso categories to correlate with U.S. Forest Service corapartraont 
analysis stratification. 

2, londsat will also define several spectral categories associated with 
general land use and land condition, lo^d use labels to bo compatible 
with U.S. Forest Service requirements as j’or as possible. 

3, Develop tabular summarios, by compartment, of acreages of all categories 
defined by Londsat. 

Derive point estimates of number of trees/acre, basal area/ocro, 
volume/acre Scribner and volume/acre cubic feet using Forest Service 
ground plot data and Londsat classification for a so looted number 
of compartments within the District, 
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Introduction 


National Foroot managoro aro required to develop plan" to harvoot 
raw matorialo for tlio productive ueo of the forooto. In addition, they 
are required to plan for the multiple udo of foroot rooources. M^gorc 
must protect the forest for future gonorntiono by maintaining a sustained 
yield of products and cervices. 

Undor these stringent roquiroraento, resource use decisions must bo 
based on valid environmental data. Conventional ground data/air photo 
inventory methods provide data of sufficient accuracy, but not within 
the time frame needed for wise long~rango planning of forest management . 
alternatives. The information derived from londsat in this project will 
bo used in place of information now coming from conventional color aerial 
photography. The data produced will bo used in forest typo and land use 
classification. The data in each landsat spectral category will bo sum- 
marized by each compartment (a management unit) within the ranger district. 
This data will aid in the selection of resource management opportunities 
and therefore enable managers to rationally choose among management options 
in lino with mandated activities emd environmental constraints, 

STUDY AREA 

The Forest Service would like to study the McCloud Ranger District 
us^ng Londsat, as a one year demonstration project. The project vdll 
focus on compiling and analizing data for each comportment (a management 
unit) within the District. The geographical location and area of the 
demonstration is as follows; 


Area Location (lat - Ion) 

McCloud Rauecr Diutriot ^22,300 Ac. N 4o° 52.5' to 37.5' 

W 121° 30' to 122° 22.5’ 

COOPER/VTORS 

Listing; 

1. U.S. Forest Service 
McCloud Ranger District 
?,0, Drawer I 
McCloud, CA 96057 
(916) 964-2184 

2. Londsat Demonstration Project (NSG-2341) 

Humboldt State University 

Areata, CA 95521 
(707) 826-4874 

3. NASA Ames Research Center 
Hail-Stop 242-4 
Moffett Fields CA 94035 

(415) 965-5897 



Coordination of Tacltos 




!Pho project will bo a cooporativo effort between the U.S. Forest 
Sorvieo, Humboldt State Univercityj and NASA Amoo Roaoarch Center. The 
Foroct Service will provide poraonnol and funding to accomplioh the 7^d- 
oat clanoification. Humboldt State will provide all initial training and 
orientation to the londoat porapoctivo. Humboldt will provide follow-on 
training and conoulting in digital procoeoing. NASA will aeoiot in digital 
analyoio and conoulting ao needed due to eomo equipment limitationa at 
Humboldt State. NASA will provide landmt digital data, initial computer 
procoaaing, rogiatration, coemotic clean-up, etc., and all final products 
required for the project. 


Personnel-Duration and Level of Commitment t 

U.S I, Forest Service. 

Project Loader - Don Campbell & Hichnrd Gissibl 6 mon-mos. 1 year 
Forest Technician - Alice Forbes 120 days 1 year 

Humboldt State University: 

Principal Investigator - lawronce Fox 1/fe time 1 year 

Technical Assistant - Ken Mayor 1/2 time 1 year 

Management Coordinator - Joseph Webster 1/^ time 1 year 

NASA Amos Research Center: 

Grant Monitor - Sue Norman 1/8 time 1 year 
Technical Manager - Don Cerd 1/3 time 1 year 

Ovoi’all Rosponoibilities: 

NASA: Instruction in advanced analysis techniques, technical 

assistance, satellite data, other data as necessary, out- 
put products. 

Humboldt State: Training, insti’uction, basic analysis techniques, technical 

assistance, consulting for project design and completion. 

Forest Service: Actual Landeat digital analysis, digitizing, accumulation 

of ground data, evaluation and verification of final report. 


OPERATIONAL PROGRAM 

Program Objective: 

landoat Forest Cover and land Condition map by Compartment (USPS man- 
agement unit) 

A. Test Area: Compartments (management units) within McCloud 

Ranger Dicti-ict-Shasta National Forest. 

B. General Class Detail: Forest Cover and land condition ii;jnt- 

ifiable by Landsat, correlated with existing Forest 
Service requirements. 
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C. Scalo; 1:100,000 for the entire diatrict, 1:24,000 for 
selected quad maps. 

Product: Color-coded map with compartment boundar^iee. 

Summarioo: Acreage eummarioc per landsat category of the 

Ranger District. Estiraates of the no, of trees, 
basal area, and volume per acre per category by 
selected compartments. 

Landsat Data; August 29, 1976 (iivitial classification), 
August 1, 1978 (final product generation). 


D. 

E, 


F. 


Data Needs: 
NASA; 

1 . 


Landsat Data: 
Date: 


August 29, 1976 (initial classification) 
August 01 , 1978 


Scene/A 5498-173015 (Aug. 29, 1976) 

Scene#; 30l49-l8l1l(Aug. 1, 1978) 

2. Black & White enlargement of scone in #1 (Aug. 29, 1976) @ 
1:500,000 (or larger).. 

3. Photography: Color IH of McCloud district - Aug. 2, 1978. 

<U-2) 

Natural color of McCloud district - Aug. 2, 1978. 

(U-2) 

4. Line printer putput as required for analysis. 

Forest Service: 

1. Provide map bases ~ 1:24,000 or available base. (Mylar) 

2. Cluster/plot volume estimates on completed compartments, 

3. All ground data collected on compartments and district, 
including geographical location of all cluster plots. 

4. U-2 optical bar photography - Aug/Sept. 1978. 

Program Approach: 

The project will approach the processing of landsat data for the McCloud 
Ranger District in two phases. The first phase v/ill identify vegetation 
and land use/condit j on data for two selected compartments with similar 
forest cover. Statistics will be developed using the portable terminal 
available at HSU for each category identified by Landsat. These files will 
be used to classify the landsat data for the two compartments. 

Phase two will expand the initial classification statistics files for 
the remaining compartments. New statistics files will be developed for: 

1.) Nev/ categories encountered, 2.) geographical variation in spectral 
signature, and 3.) Spectral variation within existing classes. Signature 
extension will be used when possible in new compartments of similar com- 
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position. In this way each statioticD file for each category cDassifiod 
will bo added until all spectral signatures can be assigned to a category. 


Phase I Analysis: 

Two comportments, with similar forest cover will be seleoted for initial 
analysis. The Forest Service (FS) will provide map bases tliat identify the 
geographical location of these compartments within the District. The FS 
will supply all available cluster plot locations and volume estimates for 
these pilot areas * 

The FS teclinician will begin transferring current stand typo information 
from photos (USFS) to cebiachrome minute quad sheets. These polygons 
will be used as training fields for initial classification. Training 
fields for resource types not foxmd on photos but known to exist in the 
District will also be delineated. 

This information will be digitized into the landsat data matrix to 
develop training statistics files for the final classification. 


Responsibilities: 

1. Choose tv/o compartments for preliminary training/classification- 
USFS/HSU. 

2. Create a Raw Data Window, August 29, 1976 y landsat scene and pro- 
duce line printer maps of bands 5 (2) and 7 NASA. 

3. Develop an IIiLlAC unsupervised classification of Raw Data Window 
NASA. 

Provide black and white enlargement, at 1:230,000, of August 29, 
1976 landsat scene. 

5- Transfer training field information to 7)^ minute quads. USFS. 

6. Develop calibration file for August, 1976 data. IISU/NASA. 

7 . Digitize training fields and compartments. HSU/NASA. 

8. Editor processing to develop statistics files on training field. 
USFS /HSU.. 

9 . Run a supervised classification on the two fields. USFS/HSU. 

10. Extend supervised classification to compartments of similar com- 
position. USFS/HSU. 

11. Verify initial supervised classification. USFS/HSU. 


Phase I Classification: 

The following categories are expected within the pilot study areas^ 
Each of these classes v;ill be labeled and correlated as closely as pos- 
sible to existing FS labels and sampling scheme. 


1 


2 


L/indt.At I/il'oI* 




otockuif* Ll'VC‘1 


Ci^c Claso 


PONDEUOGA PINE 

Good 

Large 

Small 

PGL 

PGS 


Poor 

Large 

Small 

PPL 

PP6 

MIXED CONIfER 

Good 

Large 

Small 

MGL 

MGS 

Rod fir 
VOiite fir 
Inocnee Cedar 
Douglas fir 
Ponderosa pine 

Poor 

Large 

Small 

HPL 

MPS 



Lodge polo pine 
Knobcone pine 




LODGEIOIE PINE 

Good 

Large 

Srall 

L3L 

UlS 


Poor 

Large 

Small 

U>L 

IPS 

RED FIR 

Good 

large 

Small 

RQL 

RQS 


Poor 

Large 

RPL 


Small 

RPS 


PUmTlON PL 

(ucveral otagcc of onrly oucceccion) 


MAHGIHAL COMlONEfrr 


M 


Meadows 
Bure soil 
liivas 

WATER WA 


(iood ntoekirig crown cioouro 

Poor ntoi knw: in < crown clorure 


Liirge tree; ;iyv ft. in crown diameter 

Gmf\li tree, nro <. ft. in crown diameter 


Phase IT Analy; if. : 

Phase II Analy;i; will repent those steps outlined under Phase I. Ad- 
ditional statist iea I analysis for now resource category identification will 
be added until all r.{)ectral r.ipnatures have been classified. 


Sampling Design: 


The landsat data will cover the entire Ranger District, The forest 
cover and land use inventory will be a 100 per cent inventory of tlie Dic-^ 
trict with a sampling unit size of approximately one acre-, a landsat pix- 
el* 


Certain forest stand parometersC trees per acre, basal area per acre, 
and volujne per acre) will bo derived from existing Forest Service cluster 
plot data for each landsat category* The .cluster plots will be assigned 
to the particular landsat category(or stx'ata) they occur in. Tliis design 
will assure a stratified cluster sampling design with random starts since 
the ground plot starting points have already been located by the Forest 
Service independently from any Landsat stratification. Statistical ana- 
lysis v;ill provide point estimates and 9^ confidence intervals for all 
forest stand parameters. 

The Forest Service will tally all ground plots occurring in each 
Landsat strata for the limited number of compartments chosen fcr this ex- 
tended analysis. These plots will be submitted to the Humboldt State Pro- 
ject Office for all statistical calculations. Humboldt Personnel will 
work with the Forest Service to properly tabxilate and document this step. 
NASA Personnel are requested to provide consulting for statistical pro- 
cedures. 

Evaluation Procedures: 

The Landsat classification will be evaluated using a three stage 
cluster sample with random starts. 1:120,000,11-2 color, infrared and col- 
or photography will be used in conjunction with 1:15,8*tO Forest Service 
photograpliy to provide a standard for evaluating landsat accuracy. Point 
estimates for errors of omission and commission, with lower error bounds 
for omission at S3% confidence, vail be spe^'ified. The accuracy will be 
evaluated on a pixel by pixel basis with ea-.i cluster used to estimate 
the proportion of correctly classified pixels. 
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?fiOPO£EL SCHEDUIZ 




^.8 




♦ 





1. (a) Three (?) oolor photo printo (32'' x 32”) ojf the final forest cover 

cI^Bsification of the McCloud Kanger District, including compartment 
and ownership boundaries, at 1; 100,000. Annotation to be added 
prior to development. 

(b) Three (3) color photo prints ( 32 " x 32") of the final land use/con- 
dition classification of the McCloud Hanger District, including 
compartment and ownership boundaries, at 1; 100,000. Armotation to 
bo added prior to development, 

2. Six photo prints(l8" x SA" scaled to match 1;2A,000 cebiaohrome quad 
sheets) of the final landsat forest cover classification with compart- 
ment and ov/nership boundaries for selected minute quads provided by 
the Porest Service ( area of coverage to bo selected by US Forest Ser- 
vice). 

3. Fourteen 8" x 10" photo reproductions of each photo product in number 
"1" above. 

Fourteen 8" x 10" photo reproductions of one of the six prints in num- 
ber two above. 

4. Line printer maps (gray level maps for each landsat Channel and unsup- 
ervised classification) of the McCloud Haiiger District, throe copies. 

5. Statistical summary tables, acreage by class, for each compartment, 
throe copies. 

6. Master negatives for all photo products in 1 and 2 above. 

7. 35 mm slides and overhead projector transparencies of photo products 
in 1 and 2 above. 
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PROPOSED COMPIZTION EATE: 11-l8-?8 
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PROPOSED COMPIETION DATE: 12-^-78 


TASK PIAN (continued) 
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EDITOR Processing 1978 Scene (McCloud) 
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PROPOSED COMPIETION DATE: 3-01-' 


TASK PLAN (continued) 
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APPENDIX ^ 


COST SUMMAOT 

US FISH AND WILDUFB SERVICE and HSU/McINTIRE-STENNIS 
LANDSAT DEMONSTRATION PROJECT 


(Actual Project completed under 
KSQ-2244, Co6t Summary completed 
under current grant NSG-2341) 


SOURCE OK FUNDS 


TOTAL 

PROGRAM 


NASA 

HSU/NSG-2244 

HS U/Mc INTI RE-S-niNN IS 

US nSH 8, WILD Lira SER. 


»16, 500.00 
21,408.00 
5,200.00 
3 , 900.00 


TOTALS 


COST PER ACRE 


147,008.00 


139,500 a. 

83.975 a. 


HOOPA SQUARE, 
KIAMATH STRIP 

HOOPA SQUARE 


.337’ 

.560 


223,475 a. 


HOOPA SQUARE, 
KLAMATH STRIP 
DOTH PROGRAMS 


210 


•dollara per acre 


3.1 


006T 


usrws 

PHLmECT 

HSU 

McINTIRE-STENNIS 

1 8 , 250.00 

1 8 , 250.00 

10,704.00 

10,704.00 

-0- 

5,200.00 

3,900.00 

-0- 

122 , 854.00 

124,154.00 

.164 

-0- 

-0- 

.288 


- 0 - 









APPENDIX 4 


STATEMENT OF ACCURACY 
US FISH AND Wlli)LIiT; SERVICE 
UND6AT DEMONSTRATION PROJECT 


(Actual Project completed under 
NSO-2244, Accuracy Evaluation 
completed under current grant 
NSG-2J41) 


Table Error of Omission 
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Crown Closure 


Table 5> Error of Commission 


Category 

Mean Probability 
of Correct 
Classification 

Cluster 
Sample Size 
(# of clusters) 

Coni fer 

0.976 

15 

Mixed 

0.974 

18 

Hardwoods 

0.914 

7 

>Q0% CC^ Brush 

0.670 

15 

60% CC 

0.884 

8 

50% CC 

0.858 

20 

i*0% CC 

0.971 

9 

J0% CC 

• 0.884 

8 

2095 CC 

0.913 

11 

<109C CC 

0.804 

11 

Water 

0.833 

4 

Ovei all 

0.914 

30 


^CC = Crown Closure 


